who have to remove the growth, administer treatment, and in some cases euthanize the animal. The equine sarcoid is associated with skin lesions, most commonly occurring on the head, neck and legs (Cotugno et al., 2013; Szczerba-Turek et al., 2009) .
Because sarcoids have not been adequately studied, it is essential to identify changes that occur in this type of neoplasm at both chromosomal and molecular levels. Cancer cells are characterized by chromosomal instability (CIN) with accumulation of structural aberrations (deletions, duplications, translocations) and abnormal chromosome number (poliploidy, aneuploidy). Analysis of changes in the genome of cancer cells reveals the critical regions, namely genes or whole groups of genes important for the origin and development of cancer. In principle, karyotype determination may be based on classical cytogenetic methods (GTG, CBG, RBG and Ag-NOR banding), but these techniques are laborious, associated with errors, and above all require the use of cell culture, which in the case of cancers is often hard and timeconsuming to optimize, and sometimes the preparations obtained are of poor quality. These problems can be circumvented by using comparative genomic hybridization (CGH), which is one of the basic techniques for analysis of chromosome aberrations in cancers, mainly solid tumors (Łaczmańska and Kozłowska, 2009 ) and sarcomas (Nishio et al., 2010) , but also for identification and characterization of constitutive aberrations (e.g. marker chromosomes), and allows identifying genes responsible for the neoplastic lesions. CGH produces a map of DNA sequence copy number and location on all chromosomes in the genome.
This technique consists in hybridization of DNA isolated from test and reference cell populations, which are differently labeled and hybridized in a 1:1 ratio to a normal metaphase spread. The hybridization is detected with two different fluorochromes. Regions of gain or loss of DNA sequences, such as deletions, duplications, or amplifications, are seen as changes in the ratio of the intensities of the two fluorochromes along the target chromosomes. In the next stage, the karyograms are arranged and analyzed with specialized software. Ten to 16 chromosomes are usually analyzed for each chromosome pair to generate a sum karyogram of fluorescence intensity profiles in both colors along whole chromosomes. The intensity profiles are considered normal if they are within the range 0.75 to 1.25; values higher than 1.25 are considered as duplication (amplification) of the genetic material, and those below 0.75 as deletion of a given fragment (Kallioniemi et al., 1992; Kozłowska and Łaczmańska, 2010) .
In the present study, comparative genomic hybridization technique was used to identify unbalanced aberrations in the genome of sarcoid cancer cells. material and methods metaphase slide preparation Metaphase chromosomes are prepared according to standard protocols using pokeweed mitogen stimulated peripheral blood lymphocytes from a karyotypically normal mare. High quality metaphase preparations for CGH should ideally have little cytoplasm (too much cytoplasm causes high background levels and may prevent optimal denaturation), minimal overlapping of the chromosomes (overlapping chromosomes need to be excluded from CGH analysis), and low cell density paired with a high mitotic index. In addition, the chromosomes should be of adequate length (400-550 bands) and not contain separated chromatids.
dna isolation from tumor tissue
Biopsy of sarcoid tissue was taken from the abdominal area of a mare at the age of 3 years. Tissue samples came from the area of sarcoid and skin that was not covered by histopathological changes. Each sample was examined histologically. The tested sarcoid was classified as a fibroblast type. DNA was extracted from sarcoid tissue and healthy tissue of a horse. DNA isolation from tissue samples was performed using the commercially available Gentra Puregene kit (Qiagen, Germany) according to the manufacturer's protocol. Prior to labeling the isolated DNA, DNA fragmentation was performed to obtain fragments between 100 bp and 600 bp. Electrophoresis in 1% agarose gel was carried out to examine fragmentation results.
Isolated DNA was labeled according to FISH Bright Nucleic Acid Labeling Kit procedure (Kreatech, The Netherlands). 1 μg of reference DNA (from healthy tissue) was ULS-labeled in green, whereas 1 μg of sarcoid DNA was Cy3-ULS labeled in red. The normal labeled and tumor genomic DNA (1 μg each) was precipitated at -20°C for 16 hours in the presence of 50x horse Cot DNA and 5 μg ssDNA. The labeled probes were suspended in hybridization mixture (10% DS, 10% 20xSSC, 50% Formamid, 10% Tween 20, 20% water).
hybridization
The probe and the normal metaphase slides were denatured separately: the slides in 70% formamide/2´ SSC at 72°C for 2-3 minutes (depending on the metaphase slide batch), and the probes in a water bath at 80°C for 10 minutes. The probes were mixed in a 1:1 ratio and applied to the denatured metaphase slides. The hybridization was conducted under a coverslip in a humid incubator at 37°C for 24 hours. After hybridization, the slides were washed and counterstained with DAPI (0.35 μg/ml in an antifade solution). Stained slides were analyzed under a fluorescence microscope (Olympus BX61 with Olympus DP72 camera). Isis software (version 5.3, MetaSystems) was used to construct the ideogram with the pattern of fluorescence ratios.
results
The slides were analyzed under a fluorescence microscope equipped with a set of filters (DAPI, FITC, Spectrum Orange) and a CCD camera. For each chromosome, 12-20 copies from different metaphases were analyzed. The use of CGH technique and the analysis of 100 photographs in a dedicated program (Isis version 5.3 MetaSystems) produced complete karyograms of 7 metaphases (Figure 1 ) and a sum karyogram with the green to red fluorescence ratio (Figure 2) . Clear red signals (sarcoid DNA) were observed on chromosome pairs 1, 4, 27, 28 and 31 already at the stage of karyotype arrangement. The preparation of seven karyograms and selective analysis of chromosomes from successive metaphases helped to avoid random results and produced diagrams of averaged fluorescence ratios.
Comparison of fluorescence intensity ratios revealed duplications (pairs 1, 4, 7, 8, 23) in subtelomeric regions and in rDNA coding regions. A deletion was also found in pair 23. For chromosome pairs 25 to 31, the program failed to generate CGH diagrams, which was probably due to poor metaphase quality. A similar situation occurred when X chromosome was analyzed.
discussion
The chromosomal instability characteristic of cancer cells is most often in the form of chromosomal rearrangements, namely deletions or amplifications. These regions can be detected using comparative genomic hybridization, which identifies unbalanced chromosomal rearrangements. This method is used to identify chromosomal aberrations also in farm animals (Hornak et al., 2012) .
The comparative genomic hybridization produced results indicative of genetic material duplication in rDNA gene coding regions. Also the findings of Potocki et al. (2012) confirm that equine sarcoid fibroblasts show increased transcriptional activity of the rDNA coding regions (NORs). In addition, they are characterized by decreased DNA methylation levels, while DNA methylation is one of the main mechanisms that inactivate transcription. The amount and size of NORs in horses is associated with the amount of rDNA gene copies, the degree of their methylation, and the location of rDNA loci in telomeric regions (Słota et al., 2007) . The presence of oxidative stress and the decreased expression of antioxidant enzymes has also been observed in sarcoid cells, resulting in an increased amount of reactive oxygen species (ROS) and DNA damage, as well as the formation of micronuclei (Potocki et al., 2012) . Furthermore, sarcoid cells are characterized by prolonged S phase of the cell cycle, the presence of polyploidy, DNA damage in the form of double strand breaks (DSBs) and single strand breaks (SSBs). Sarcoid fibroblasts represent the heterogeneous fraction of cells that varies in some metabolic aspects. Infection with BPV1 virus induces the process of neoplastic transformation but also causes premature cellular senescence (Potocki et al., 2014) .
The results obtained in the present study are indicative of clear DNA addition in telomeric and subtelomeric regions. However, Argyle et al. (2003) demonstrated that telomere length on horse chromosomes is strictly associated with the cellular aging process, whereas telomerase activity in equine sarcoid cells is not increased. Low telomerase activity may be due to oxidative stress (Bugno-Poniewierska et al., 2012; Potocki et al., 2014) .
Our study also showed that DNA duplications in sarcoid cells mainly occur in the telomeric regions and in rDNA. The increased number of gene copies in telomeric regions is associated with increased telomerase enzyme activity, which is a hallmark of cancer cells, affecting the immortality of these cells. Ribosomal DNA forms nucleolar organizer regions (NORs), whereas increased NOR activity is a tumor marker. The increased amount of rDNA copies will lead to an increase in the amount of rRNA, which is the precursor of ribosomes. By this means, a cancer cell satisfies the increased demand for production of proteins.
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